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1. Introduction
Chronic obstructive pulmonary disease (COPD), a common preventable and treatable disease,
is characterized by persistent airflow limitation that is usually progressive and associated with
an enhanced chronic inflammatory response in the airways and the lung to noxious particles
or gases (Global Strategy for the Diagnosis, 2013).
The chronic airflow limitation characteristic of COPD is caused by a mixture of small-airway
disease (obstructive bronchiolitis) and parenchymal destruction (emphysema). The relative
contributions of each vary from person to person. Chronic inflammation causes structural
changes and narrowing of the small airways.
Symptoms of COPD include sputum production, cough and dyspnea. These respiratory
symptoms are chronic and progressive over time. As a result, subjects increasingly experience
deterioration in their health-related quality of life, in their capacity to work and reduced
participation in social and physical activities (Rabe et al., 2007).
COPD includes heterogeneous lesions that variably affect the airways, lung parenchyma and
systemic structures. COPD is caused by various pathogenic mechanisms and does not present
a uniform histological substrate. Patients with this disease present with different clinical
features: non-exacerbator with emphysema or chronic bronchitis; mixed COPD-asthma;
exacerbator with emphysema and exacerbator with chronic bronchitis (Miravitlles et al.,
2013). In addition to affecting the lungs, the disease presents significant systemic consequences
including skeletal muscle dysfunction, nutritional disorders and weight loss (Andreassen &
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Vestbo, 2003; Agusti, 2005). As a result COPD causes a progressive decrease in the ability to
perform the essential activities of daily living.
COPD is a leading cause of morbidity and mortality worldwide and results in an economic
and social burden that is both considerable and increasing. According to some studies, the
prevalence of COPD in Spain is 10.6% (Sobradillo et al., 1999), and the mortality rate in 2011
was 51.2 deaths per 100,000 males and 14.6 deaths per 100,000 females (Instituto Nacional de
Estadística, 2011).
Due to its high prevalence, morbidity and mortality, COPD generates significant economic
costs to the health system and is considered a significant health problem.
Obstructive sleep apnea syndrome (OSAS) is a disorder characterized by recurrent upper
airway collapse during sleep (Young et al., 1993). This results in a reduction or complete
cessation of airflow despite ongoing inspiratory efforts and leads to arousals, sleep fragmen‐
tation, and oxyhemoglobin desaturation (Remmers et al., 1978).
OSAS is a common disease, affecting 3.4% in men and 3% in women of the adult population
and appears to be associated with a number of forms of morbidity (Duran et al., 2001). Al least
6.8% of subjects 50-70 years of age are affected (Zamarron et al., 1999).
The most common symptoms of OSAS patients include chronic loud snoring, excessive
daytime sleepiness, personality changes and deterioration of quality of life. Though clinically
recognized for more than three decades (Gastaut et al., 1965; Lugaresi et al., 1972; Guillemi‐
nault, 1985), general awareness of OSAS has been slow to develop.
Treatment with continuous positive airway pressure (CPAP) has been shown to decrease the
frequency and severity of sleep disturbances and associated symptoms (Kiely et al., 1999).
Other treatments include mandibular advancement prosthesis (Doff et al., 2013) or surgery
(Tuncel et al., 2012).
OSAS may coexist with COPD and this combination has been the focus of extensive study.
Fenley referred to it as ‘‘overlap syndrome” (Flenley, 1985). Recently, to encourage further
research in this area, another terminology has been proposed to integrate OSAS in the setting
of obstructive lung disease, which is called OLDOSA (obstructive lung disease and obstructive
sleep apnea) (Ioachimescu & Teodorescu, 2013).
The aim of the present review is to analyse the association and interaction of obstructive sleep
apnea syndrome and chronic obstructive lung disease.
2. Epidemiology
There have been a number of studies evaluating the presence of OSAS among COPD patients.
Chaouat et al. found a 14% prevalence of OSAS among patients with mild COPD (Chaouat et
al., 1995), and O’Brien found overlap syndrome in 11.9% of COPD patients (O'Brien &
Whitman, 2005).
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On the other hand, there have also been studies evaluating the presence of COPD among
patients with OSAS. In a group of 265 OSAS patients, Chaouat found that 11% also had COPD
(Chaouat et al., 1995). Sanders et al. found 11% of overlap syndrome among patients with
OSAS (Sanders et al., 2003). Nevertheless, a very large study including 5,954 participants done
in conjunction with the Sleep Heart Health Study found no significant difference in the
prevalence of OSAS, defined as apnea hypopnea index greater than 10, among COPD subjects
(14.0%) and those without COPD (18.6%) (Sanders et al., 2003). A study involving 356 males
and 320 females with OSAS found a lower prevalence of overlap syndrome (9.2%) (Bednarek
et al., 2005). Recently, in 524 male subjects with OSAS diagnosed by the prevalence rate of
COPD was 12% (Shiina et al., 2012).
All of this suggests that the coexistence of COPD and OSAS is due more to chance than a
pathophysiologic link between the two conditions.
Among the different phenotypes that constitute COPD, OSAS is preferably associated to
chronic bronchitis. Study results COPDGene showed that patients with chronic bronchitis
phenotype showed prevalence of OSAS 22.4% versus 14.4% in those who did not meet this
criterion (Kim et al., 2011). These findings are consistent with the idea that the chronic
bronchitis patient may present episodic nocturnal desaturations during REM sleep. Izquierdo
et al. also found that the prevalence of OSAS is more prevalent in the phenotype chronic
bronchitis and emphysema, compared to COPD and asthma (23.6, 4.9% and 12.5%, respec‐
tively (Izquierdo-Alonso et al., 2013).
3. Physiopatological consequences
Sleep has profound effects on ventilation (Douglas et al., 1982), partly because it is accompa‐
nied by a fall in metabolic rate (White et al., 1985). Sleep represents a challenge to the respiratory
system, especially in patients debilitated by respiratory disease. As occurs in some respiratory
diseases, patients affected by respiratory failure while awake, are even more seriously affected
during sleep.
In overlap syndrome, ventilatory response may be disturbed by lung mechanics and gas
exchange. Radwan et al. studied breathing pattern and CO2 response in obese patients with
overlap syndrome and obese patients with OSAS only. The OSAS group presented similar
values to non-obese controls in ventilatory response to CO2 and occlusion pressure responses.
The overlap group had a higher breathing frequency and lower tidal volume than the OSAS-
only group. This author concluded that overlap patients with hypercapnia had both blunted
ventilatory and mouth occlusion pressure responses during CO2. In patients with chronic
hypercapnia, there is an increased blood bicarbonate concentration, which may inhibit CO2
sensitivity and decreases mouth occlusion pressure response (Radwan et al., 1995).
In patients with overlap syndrome, sleep-related hypoventilation is associated to a reduction
in respiratory drive, loss of accessory muscle activity and ventilation perfusion mismatch.
Hypoventilation in such patients is due to an increased breathing effort, related to upper and
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lower airway obstruction. Respiratory muscles may also fatigue which is related to the
mechanical disadvantage of chest wall hyperinflation. Moreover, there is also a reduction in
functional residual capacity which is related to supine posture and sleep state (McNicholas,
1997). Kwon et al. suggest that increased severity of hyperinflation is associated with worse
sleep efficiency, independent of apnea and nocturnal hypoxemia. The mechanisms underlying
this observation are uncertain. These authors speculate that therapies aimed at reducing lung
hyperinflation may improve sleep quality in patients with overlap syndrome (Kwon et al.,
2009).
Overlap patients present more nocturnal desaturation than patients with either OSAS or COPD
alone (Chaouat et al., 1995; Sanders et al., 2003). Sanders examined the degree to which COPD
and OSAS independently and jointly contribute to desaturation during sleep. After adjusting
for age, sex, height, weight, race, smoking status, and awake oxygen saturation, the OR for
nocturnal oxyhemoglobin desaturation was found to be considerably increased in OSAS
patients (Sanders et al., 2003). Furthermore, Lacedonia suggest that day-time hypoxemia in
overlap patients is largely determined by the increase of body weight and severity of nocturnal
hypoxia (Lacedonia et al., 2013).
4. Pulmonary hypertension
Patients with overlap syndrome are more likely to develop daytime pulmonary hypertension
(Weitzenblum et al., 1988) and right heart failure (Bradley & Phillipson, 1985) than patients
with either condition alone. COPD patients are affected by pulmonary hypertension secondary
to alveolar hypoxia (Bonsignore et al., 1994), which is associated to increased morbidity and
mortality (Chaouat et al., 2005). In these patients, pulmonary hypertension is primarily
observed in those with severe disease, when the FEV1 is lower than 50% predicted and diurnal
PaO2 is less than 60 mm Hg (Ashutosh et al., 1983).
OSAS patients may also be affected by pulmonary hypertension (Bady et al., 2000). However,
this impact is higher when associated with COPD. In fact, Hawrylkiewicz et al. found a
prevalence of pulmonary hypertension among overlap patients of 80% compared to 16%
among individuals with OSAS alone (Hawrylkiewicz et al., 2004).
Patients with simultaneous COPD and OSAS have a more serious sleep related oxygen
desaturacion than patients with COPD alone and the same degree of bronchial obstruction.
Chaouat et al. reported a PaO2 ≤ 65 mm Hg in 54 (23%) out of 235 non-OSAS COPD patients
and compared to 17 (57%) out of 30 patients with overlap syndrome (Chaouat et al., 1995). In
the same report, right-heart catheterization identified pulmonary hypertension in 7% of
patients with COPD and 36% of those with overlap syndrome. In fact, hypoxemia, hypercap‐
nia, and pulmonary hypertension were observed in the presence of even mild to moderate
bronchial obstruction in overlap patients (Fletcher et al., 1987). When COPD reaches an
advanced-stage, concomitant OSAS is likely to cause significant adverse clinical consequences
(Hiestand & Phillips, 2008).
Sleep and its Disorders Affect Society116
5. Sleep apnea syndrome and COPD association and vascular disease
COPD is a systemic disease with multiple effects on target-organs including cardiovascular
system. Until recently, exacerbations of disease and progression of respiratory insufficiency
have been the focus of mortality studies in COPD, however, a number of epidemiologic reports
have shown that significant morbidity and mortality in COPD involves cardiovascular
diseases.
In France, Fuhrman et al found that cardiovascular disease accounted for 32% of deaths in
COPD patients (Fuhrman et al., 2006). Similar results were obtained in previous retrospective
studies conducted in Canada (Huiart et al., 2005; Curkendall et al., 2006). In these reports,
cardiovascular morbidity and mortality were higher in the COPD group than in the general
population.
Moreover, some prospective reports have shown that FEV1 is a factor that predicts mortality
risk from all causes and specifically mortality from ischemic heart disease in both genders
independently of the smoking habit (Schunemann et al., 2000). In Spain, De Lucas-Ramos et
al. in a cross sectional multicentre study of 572 COPD patients found a prevalence of 16.4% of
ischemic heart disease (De Lucas-Ramos et al., 2008). In a subsequent paper of 1200 COPD
patients and 300 control subjects, these authors found that COPD was an independent risk
factor for cardiovascular disease with an odds ratio of 2.23 (1.18 to 4.24) (De Lucas-Ramos et
al., 2012). However, Izquierdo et al, in another case-control study found no association between
ischemic heart disease and COPD and concluded that the higher prevalence of traditional
cardiovascular risk factors in patients with COPD may explain the higher incidence of ischemic
heart disease in these patients (Izquierdo et al., 2010).
A close relationship exists between COPD, systemic inflammation and cardiovascular disease,
but the mechanisms by which COPD patients develop systemic inflammation remain unclear.
Although the main abnormality favouring vascular disease associated with COPD is systemic
inflammation, other factors include the activation of platelets related to hypoxia and oxidative
stress (Takabatake et al., 2000; Mills et al., 2008). In COPD there is a systemic inflammatory
component which manifests itself in the presence of several inflammatory mediators in
peripheral blood (Gan et al., 2004).
An extensively-studied inflammatory mediator is C-reactive protein. Studies have shown that
patients with COPD have higher values of C-reactive protein and that these are independent
of smoking (Pinto-Plata et al., 2006; Karadag et al., 2008). C-reactive protein exerts diverse
effects on endothelial biology by promoting proinflammatory and proatherogenic phenotype,
currently considered to be a systemic marker of the inflammatory process associated with
cardiovascular disease.
It has also been found that homocysteine in blood, another marker for cardiovascular disease,
was elevated in severe stable COPD patients (Seemungal et al., 2007). In a three-year follow-
up study of a cohort of 3247 subjects, Nunomiya et al. found that levels of homocysteine in
blood were predictive of FEV1 reduction (Nunomiya et al., 2013). In addition, elevated levels
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of inflammatory markers such as TNF-alpha, IL-6, IL-8 have also been reported in patients
with COPD (Pinto-Plata et al., 2012).
We should also point out that several studies have found a relation between endothelial
dysfunction and COPD (Cella et al., 2001; Moro et al., 2008; Nakanishi et al., 2011; Minet et al.,
2012).
The relation between OSAS and cardiovascular disease involves a number of mechanisms such
as the followings.
OSAS-associated disturbances, especially chronic intermittent hyopoxia and enhanced
sympathetic activity, lead to up-regulation of the renin-angiotensin system and down-
regulation of nitric oxide synthases (Fletcher et al., 1999; Prabhakar et al., 2001). When an
obstructive apnea occurs, it is terminated by a sudden arousal, that is, lightening of sleep or
awakening from sleep (Somers et al., 1995).
Furthermore, increased oxidative stress has been associated with development of cardiovas‐
cular diseases and can be promoted by the chronic intermittent hypoxia characteristic of OSAS
(Park et al., 2007). In fact, a variety of studies suggest that oxidative stress is present in OSAS
at levels relevant to tissues such as the arterial wall (Barcelo et al., 2006; Grebe et al., 2006). This
process enhances lipid uptake into human macrophages and may contribute to atherosclerosis
in OSAS patients (Lattimore et al., 2005).
Furthermore, OSAS decreases blood antioxidant status in high-BMI subjects and may change
the relationship between oxidative stress markers (Wysocka et al., 2008).
Systemic inflammation is increasingly being recognized as a risk factor for a number of
complications including atherosclerosis (Ross, 1999) and is a well-established factor in the
pathogenesis of cardiovascular disease (Hansson, 2005). C-reactive protein is an important
serum marker of inflammation with major implications for cardiovascular morbidity and
atherogenesis (Rutter et al., 2004). C-reactive protein levels are increased in OSAS in accord‐
ance with disease severity (Shamsuzzaman et al., 2002; Kokturk et al., 2005; Punjabi & Beamer,
2007; Taheri et al., 2007).
A variety of findings support the existence of a relation between hypercoagulability, OSAS
and cardiovascular disease. Patients with OSAS present higher plasma levels of several
procoagulant factors such as fibrinogen (Reinhart et al., 2002; Tkacova et al., 2008), platelet
activity (Akinnusi et al., 2009) and the fibrinolysis-inhibiting enzyme plasminogen activator
inihibitor (PAI-1) (Von et al., 2006; Zamarron et al., 2008b).
Finally, a number of studies involving OSAS patients indicate an associated endothelial
dysfunction (Nieto et al., 2004; Kohler et al., 2008; De la Peña et al., 2008). Endothelial dys‐
function is frequently present in OSAS (Kheirandish-Gozal et al., 2010) and may have a
potential role in the pathogenesis of vascular diseases that is pertinent to OSAS (Berger & Lavie,
2011). Several studies have reported higher endothelin-1 levels in OSAS patients (Phillips et
al., 1999; Saarelainen & Hasan, 2000)
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As inflammatory diseases, both OSAS and COPD are associated to higher cardiovascular risk.
The mechanisms that may be involved different factors and include vascular inflammation,
endothelial dysfunction, and tonic elevation of sympathetic neural activity (Figure 1).
  Sympathetic activity
Endothelial dysfunction
Hypoxemia -
reoxygenation 
episodes
Sleep 
fragmentation
OSAS
Coagulation-fibrinolysis imbalance
Oxidative stress
Sistemic inflammation
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Figure 1. A schematic summary of the proposed sequence of events in obstructive sleep apnea syndrome (OSAS) and
chronic obstructive pulmonary disease (COPD) starting from episodic hypoxia and sleep fragmentation
Evidence of systemic inflammation and oxidative stress in COPD and sleep apnea provides
insight into potential interactions between both disorders that may predispose to cardiovas‐
cular disease (Lee & McNicholas, 2011). In sum, OSAS is one of the most frequent comorbidities
and/or associations of COPD, and may bring on increased inflammation (Carratu & Resta,
2008; Macnee et al., 2008; Gilmartin et al., 2008; Shiina et al., 2012).
6. Clinical characteristics
The most common symptoms of OSAS patients include chronic loud snoring, excessive
daytime sleepiness, personality changes, depression, impairment of thinking and deteriora‐
tion of quality of life (Zamarron et al., 1998; Pichel et al., 2004). COPD patients, on the other
hand, may present cough; sputum production; or dyspnea (Miravitlles et al., 2013).
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Nevertheless, overlap patients present unique characteristics, which set them apart from either
COPD-only or OSAS-only patients (Zamarron et al., 2008). After comparing overlap patients
with OSAS-only patients, Radwan et al. found no significant differences in OSAS severity,
mean arterial oxygen saturation during sleep, and BMI (Radwan et al., 1995). Chaouat et al.
found that, compared to the OSAS-only group, the overlap population tended to be older, but
similar BMI (Chaouat et al., 1995). O’Brien and Whitman found that overlap patients were
older, and less obese than the OSAS-only group (O'Brien & Whitman, 2005). Resta el al. showed
that overlap patients had higher PaCO2 than OSAS-only group, but similar apnea hypopnea
index. This author developed a model for predicting PaCO2 in overlap patients based on
PaO2, FEV1, and weight (Resta et al., 2002).
Cardiac arrhythmias and sudden death are common and important causes of mortality in
patients with COPD (Yildiz et al 2002). Several factors such as hypoxemia, hypercapnia, acid-
base disturbances, autonomic dysfunction, and medication may contribute to the development
of arrhythmias in these patients (Sarubbi et al., 1997; Yildiz et al., 2002). Patients with OSAS
have a higher frequency of cardiac rhythm disturbances and ST-segment depression episodes
than snoring and control subjects. Moreover, ST-segment changes are related to sympathetic
tone and sleep fragmentation, whereas most of the rhythm disturbances in OSAS patients are
associated to sleep fragmentation, nocturnal hypoxemia, and sympathetic tone (Alonso-
Fernandez et al., 2005).
Sleep disturbance in patients with COPD is usually related to nocturnal cough, wheezing, and
shortness of breath (Weitzenblum & Chaouat, 2004). It is common for moderate to severe
COPD patients to complain about poor-quality sleep, particularly elderly patients in the form
of morning tiredness and early awakenings (Bellia et al., 2003). Sleep studies in COPD have
shown frequent arousals and awakening, and decreased total sleep time with increased
number of arousals (Fleetham et al., 1982). Furthermore, Sandek made reference to the fact
that reduced average nocturnal oxygenation is associated with increased superficial sleep
(Sandek et al., 1999).
In contrast, Sanders et al. observed that COPD patients without OSAS had minimally pertur‐
bed sleep. Thus, it appears that COPD per se does not affect or only slightly affects the quality
of sleep. Instead, it may be that hypoxemia is a determinant of poor-quality sleep in patients
with advanced COPD. In these patients, oxygen therapy has been shown to improve the quality
of sleep, daytime hypoxemia and severe sleep-related oxygen desaturation (Sanders et al.,
2003).
Colt indicates that in OSAS patients, one of the most incapacitating symptoms is excessive
daytime somnolence, which results from disrupted sleep or nightime oxygen desaturation
(Colt et al., 1991). In overlap patients, Sanders et al. observed that, compared to COPD-only
subjects, they had higher Epworth sleepiness scores, lower total sleep time, lower sleep
efficiency, and higher arousal index. Indeed, the quality of sleep in COPD seems to be
influenced by the presence of OSAS but not by the severity of airway obstruction (Sanders et
al., 2003).
Regarding hypercapnia, although overlap patients were expected to be at greater risk,
Weitzenblum et al. found that diurnal pCO2 levels were similar for COPD and overlap patients.
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In fact, significant differences were only found with respect to healthy subjects (Weitzenblum
et al., 2008).
In addition, some studies have shown that overlap syndrome has a major impact on quality
of life. Mermigkis studied 30 subjects with overlap syndrome and 15 control subjects. Quality
of life was determined by St George's Respiratory Questionnaire. The control group included
subjects with COPD and no evidence of OSAS by polysomnography. All subjects were habitual
snorers with normal Epworth Sleepiness Scale scores. Significant differences were found in
total score and in each of the three questionnaire components suggesting worse quality of life
in overlap patients. It is fair to say that OSAS has a major impact on quality of life in patients
with overlap syndrome and can exist in COPD patients with habitual snoring even in the
absence of daytime sleepiness (Mermigkis et al., 2007).
7. Diagnostic procedures
The diagnosis of OSAS should be based on clinical findings and confirmed by polysomnog‐
raphy which has traditionally been regarded as the gold standard for diagnosis (Kushida et
al., 2005). However, alternatives that are less expensive and time-consuming are increasingly
becoming popular (Flemons et al., 2003).
Subjects with COPD normally have well-preserved sleep architecture; hence, when faced with
sleep complaints, the possible existence of associated sleep disorders should be considered
and polysomnography applied for further characterization. Not all COPD patients necessarily
need to be tested for OSAS. Nocturnal polysomnographic monitoring in COPD is usually
performed when OSAS is suspected (Table 1). Only COPD subjects who have the typical risk
factors for OSAS, such as obesity, chronic snoring, enlarged neck, daytime sleepiness, and
hypertension, should be considered for further testing (Marrone et al., 2006; Lopez-Acevedo
et al., 2009). Other indications include the presence of nocturnal hypoxaemia complications
that are not explained by awake arterial oxygen levels, pulmonary hypertension, or cor
pulmonale out of proportion to the severity of pulmonary function derangement in COPD
patients whose daytime PaO2 is 60–65 mmHg (Douglas & Flenley, 1990).
Clinical suspicion of OSAS:
Headache upon awakening,
Excessive daytime sleepiness.
Snoring and breathing pauses
Obesity
Normal daytime blood oxygen with
Cor pulmonale
Polycithemia and normal daytime oxygen.
Table 1. Indications for nocturnal polysomnography in COPD
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8. Treatment
Conventional oxygen therapy is prescribed to stable COPD patients who exhibit marked and
persistent hypoxemia. This therapy is sufficient to correct even severe nocturnal desaturation
and has favourable effects on the observed hypoxemia-related peaks in pulmonary hyperten‐
sion (Boysen et al., 1979). Furthermore, some authors report that oxygen therapy improves the
quality of sleep by shortening latency to sleep, increasing REM sleep as well as stages III and
IV, and by decreasing number of arousals (Calverley et al., 1982).
All patients with OSAS should be counselled about the potential benefits of therapy and the
risks of going without treatment as well as the value of avoiding factors that increase the
severity of upper-airway obstruction, such as sleep deprivation; the use of alcohol, sedatives,
and hypnotic agents; and excessive weight (Haynes, 2005). CPAP therapy is a well-established,
widely used treatment (Giles et al., 2006), but, it is not suitable for all patients.
The coexistence of OSAS and COPD defines a high-risk group of patients because their awake
and sleep related hypoxemia and hypoxemic cardiovascular consequences are more marked.
Although the natural history of overlap syndrome is not well-known, a major aim of therapy
should be to correct both upper airway obstructive episodes and sleep hypoxemia.
Treatment for overlap syndrome consists of CPAP or non-invasive positive pressure ventila‐
tion, with or without associated O2, for correction of the upper airway obstructive episodes
and hypoxemia during sleep (Pronzato, 2010; Nural et al., 2013).
Sampol studied a group of overlap patients over three consecutive nights. This study found
that the application of CPAP corrected apneas and hypopneas, but not oxygen desaturation.
With the addition of oxygen at a flow of 1.5 L.min-1 at suboptimal CPAP levels, they observed
an increase in apnea frequency, persistence of apneas at CPAP levels which eliminated them
when no supplemental oxygen was administered, and longer duration of apneas and hypo‐
pneas. However, when the effective CPAP level was reached with supplemental oxygen, its
efficacy in eliminating apneas and hypopneas was maintained and, furthermore, oxygen
desaturation was corrected. The authors conclude that CPAP with supplemental oxygen
constitutes a practical therapeutic alternative for hypoxic patients with overlap syndrome
(Sampol et al., 1996).
De Miguel evaluated the effects of CPAP therapy on lung function in patients with overlap
syndrome over two consecutive years. After six months of CPAP therapy, there were statisti‐
cally significant increases in PaO2, FEV1, and FVC, accompanied by significant decreases in
PaCO2, serum bicarbonate levels, and alveolar-arterial oxygen difference. However, these
patients also had significant weight loss during this time, which may explain the benefits
observed. Also, the degree of obstruction, as reflected by the FEV1/FVC ratio, did not change.
Interestingly, there was no improvement from six to eighteen months, a period in which there
were no changes in patient weight. Response of overlap syndrome patients to CPAP therapy
was greater in the hypercapnic group, particularly in relation to improvement of arterial blood
gases 13.
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Mansfield and Naughton studied fourteen patients, ten of whom were able to tolerate CPAP
for at least three months. They found an improvement in gas exchange and FEV1 associated
with a decrease in hospitalizations (Mansfield & Naughton, 1999). Similar results were
reported by other studies (Peker et al., 1997;Marin et al., 2010).
CPAP treatment may have other potentially beneficial effects. Seeing as COPD is an inflam‐
matory airways disorder and OSAS may act as an inflammatory stimulus, coexistent of both
diseases in overlap may augment airway inflammation. Thus, the improvement in OSAS
resulting from the application of CPAP may, in turn, lead to an improvement in the coexistent
COPD. In some studies, the improvement in some markers of bronchial hyper responsiveness
following the application of CPAP suggests the possibility that CPAP therapy may have a
bronchodilator effect (Chan et al., 1988).
A decrease of serum C reactive protein in overlap patients following effective CPAP treatment
shows that CPAP is an effective treatment method for systemic inflammation (Nural et al.,
2013)
Nocturnal oxygen attenuates sleep desaturations among stable overlap patients and does not
produce clinically significant increases in PaCO2. However, hypoxemia and hipercapnic may
persist in the most severe overlap patients in spite of efficient application of nocturnal CPAP
and oxygen therapy. For these patients, some authors recommend nocturnal treatment with
positive pressure ventilators, and the monitoring of treatment effectiveness by sleep study
(Marrone et al., 2006).
9. Prognosis
Regarding the complications that modify the natural history of COPD, it has previously been
shown that, compared to COPD-only patients, overlap syndrome patients are at an increased
risk for respiratory failure, pulmonary hypertension and cor pulmonale, independently of the
degree of airway obstruction (Table 2).
Daytime pulmonary hypertension and right heart failure
High cardiovascular risk
Major impact on quality of life
Increased overall and cardiovascular mortality
Higher medical utilization and cost
Table 2. Overlap syndrome: impact of coexisting disease
In order to evaluate the cost-effectiveness of early interventions and disease management
programs, Shaya studied the economic impact of OSAS among Medicaid beneficiaries with
COPD. The diagnosis of concomitant COPD was associated with substantially higher medical
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utilization and cost than the diagnosis of either alone, and OSAS may add additional economic
burden on beneficiaries who already have COPD or concomitant COPD (Shaya et al., 2009).
Machado carried out a prospective cohort study of 603 hypoxemic COPD patients receiving
long-term oxygen therapy, 95 subjects were diagnosed with moderate-to-severe OSAS. After
adjusting for several confounders, patients treated with CPAP had a significantly lower risk
of death (Machado et al., 2009). This observational study indicated a positive effect of CPAP
treatment on survival in moderate-to severe OSAS patients with hypoxemic COPD receiving
long-term oxygen therapy. This study recommends an active search for OSAS in patients with
hypoxemic COPD using a screening questionnaire and/or nocturnal oximetry.
Overlap syndrome exhibit both increased overall and cardiovascular mortality in patients with
COPD. Marin et al. in a cohort of patients with SAS followed for nine years, patients with
COPD and SAS had a relative risk of death of 1.79 (1.16 to 2.77), with cardiovascular and
pulmonary causes the most common mortality even adjusted for the severity of COPD.
In conclusion, overlap syndrome constitutes a worsening of the complications inherent in
either COPD or OSAS alone. Early identification and treatment of overlap syndrome is
fundamental in order to avoid serious potential effects.
Author details
Carlos Zamarrón Sanz1*, Carlos Rábade Castedo1, Ester Zamarrón de Lucas2,
Emilio Morete Aracay1 and Félix del Campo Matias3
*Address all correspondence to: carlos.zamarron.sanz@sergas.es
1 Servicio de Neumología, Hospital Clínico Universitario, Santiago, Spain
2 Hospital Universitario La Paz, Madrid, Spain
3 Hospital Universitario Rio Hortega, Universidad de Valladolid, Valladolid, Spain
References
[1] Agusti, A. G. (2005). COPD, a multicomponent disease: implications for manage‐
ment. Respir.Med., 99, 670-682.
[2] Akinnusi, M. E., Paasch, L. L., Szarpa, K. R., Wallace, P. K., & El Solh, A. A. (2009).
Impact of nasal continuous positive airway pressure therapy on markers of platelet
activation in patients with obstructive sleep apnea. Respiration, 77, 25-31.
[3] Alonso-Fernandez, A., Garcia-Rio, F., Racionero, M. A., Pino, J. M., Ortuno, F., Marti‐
nez, I. et al. (2005). Cardiac rhythm disturbances and ST-segment depression epi‐
Sleep and its Disorders Affect Society124
sodes in patients with obstructive sleep apnea-hypopnea syndrome and its
mechanisms. Chest, 127, 15-22.
[4] Andreassen, H. & Vestbo, J. (2003). Chronic obstructive pulmonary disease as a sys‐
temic disease: an epidemiological perspective. Eur.Respir.J.Suppl, 46, 2s-4s.
[5] Ashutosh, K., Mead, G., & Dunsky, M. (1983). Early effects of oxygen administration
and prognosis in chronic obstructive pulmonary disease and cor pulmonale.
Am.Rev.Respir.Dis., 127, 399-404.
[6] Bady, E., Achkar, A., Pascal, S., Orvoen-Frija, E., & Laaban, J. P. (2000). Pulmonary
arterial hypertension in patients with sleep apnoea syndrome. Thorax, 55, 934-939.
[7] Barcelo, A., Barbe, F., de la, P. M., Vila, M., Perez, G., Pierola, J. et al. (2006). Antioxi‐
dant status in patients with sleep apnoea and impact of continuous positive airway
pressure treatment. Eur.Respir.J., 27, 756-760.
[8] Bednarek, M., Plywaczewski, R., Jonczak, L., & Zielinski, J. (2005). There is no rela‐
tionship between chronic obstructive pulmonary disease and obstructive sleep apnea
syndrome: a population study. Respiration, 72, 142-149.
[9] Bellia, V., Catalano, F., Scichilone, N., Incalzi, R. A., Spatafora, M., Vergani, C. et al.
(2003). Sleep disorders in the elderly with and without chronic airflow obstruction:
the SARA study. Sleep, 26, 318-323.
[10] Berger, S. & Lavie, L. (2011). Endothelial progenitor cells in cardiovascular disease
and hypoxia-potential implications to obstructive sleep apnea. Transl.Res., 158, 1-13.
[11] Bonsignore, M. R., Marrone, O., Insalaco, G., & Bonsignore, G. (1994). The cardiovas‐
cular effects of obstructive sleep apnoeas: analysis of pathogenic mechanisms.
Eur.Respir.J., 7, 786-805.
[12] Boysen, P. G., Block, A. J., Wynne, J. W., Hunt, L. A., & Flick, M. R. (1979). Nocturnal
pulmonary hypertension in patients with chronic obstructive pulmonary disease.
Chest, 76, 536-542.
[13] Bradley, T. D. & Phillipson, E. A. (1985). Pathogenesis and pathophysiology of the
obstructive sleep apnea syndrome. Med.Clin.North Am., 69, 1169-1185.
[14] Calverley, P. M., Brezinova, V., Douglas, N. J., Catterall, J. R., & Flenley, D. C. (1982).
The effect of oxygenation on sleep quality in chronic bronchitis and emphysema.
Am.Rev.Respir.Dis., 126, 206-210.
[15] Carratu, P. & Resta, O. (2008). Is obstructive sleep apnoea a comorbidity of COPD
and is it involved in chronic systemic inflammatory syndrome? Eur.Respir.J., 31,
1381-1382.
[16] Cella, G., Sbarai, A., Mazzaro, G., Vanzo, B., Romano, S., Hoppensteadt, T. et al.
(2001). Plasma markers of endothelial dysfunction in chronic obstructive pulmonary
disease. Clin.Appl.Thromb.Hemost., 7, 205-208.
COPD and Sleep Apnea Syndrome – Impact and Interaction of Coexisting Disease
http://dx.doi.org/10.5772/57594
125
[17] Chan, C. S., Woolcock, A. J., & Sullivan, C. E. (1988). Nocturnal asthma: role of snor‐
ing and obstructive sleep apnea. Am.Rev.Respir.Dis., 137, 1502-1504.
[18] Chaouat, A., Bugnet, A. S., Kadaoui, N., Schott, R., Enache, I., Ducolone, A. et al.
(2005). Severe pulmonary hypertension and chronic obstructive pulmonary disease.
Am.J.Respir.Crit Care Med., 172, 189-194.
[19] Chaouat, A., Weitzenblum, E., Krieger, J., Ifoundza, T., Oswald, M., & Kessler, R.
(1995). Association of chronic obstructive pulmonary disease and sleep apnea syn‐
drome. Am.J.Respir.Crit Care Med., 151, 82-86.
[20] Colt, H. G., Haas, H., & Rich, G. B. (1991). Hypoxemia vs sleep fragmentation as
cause of excessive daytime sleepiness in obstructive sleep apnea. Chest, 100,
1542-1548.
[21] Curkendall, S. M., DeLuise, C., Jones, J. K., Lanes, S., Stang, M. R., Goehring E Jr et al.
(2006). Cardiovascular disease in patients with chronic obstructive pulmonary dis‐
ease, Saskatchewan Canada cardiovascular disease in COPD patients. Ann.Epidemiol.,
16, 63-70.
[22] De la Peña, P. M., Barcelo, A., Barbe, F., Pierola, J., Pons, J., Rimbau, E. et al. (2008).
Endothelial function and circulating endothelial progenitor cells in patients with
sleep apnea syndrome. Respiration, 76, 28-32.
[23] De Lucas-Ramos, P., Izquierdo-Alonso, J. L., Rodriguez-Gonzalez Moro, J. M., Bel‐
lon-Cano, J. M., ncochea-Bermudez, J., Calle-Rubio, M. et al. (2008). [Cardiovascular
risk factors in chronic obstructive pulmonary disease: results of the ARCE study].
Arch.Bronconeumol., 44, 233-238.
[24] De Lucas-Ramos, P., Izquierdo-Alonso, J. L., Rodriguez-Gonzalez Moro, J. M., Fran‐
ces, J. F., Lozano, P. V., & Bellon-Cano, J. M. (2012). Chronic obstructive pulmonary
disease as a cardiovascular risk factor. Results of a case-control study (CONSISTE
study). Int.J.Chron.Obstruct.Pulmon.Dis., 7, 679-686.
[25] Doff, M. H., Hoekema, A., Wijkstra, P. J., van der Hoeven, J. H., Huddleston Slater, J.
J., de Bont, L. G. et al. (2013). Oral appliance versus continuous positive airway pres‐
sure in obstructive sleep apnea syndrome: a 2-year follow-up. Sleep, 36, 1289-1296.
[26] Douglas, N. J. & Flenley, D. C. (1990). Breathing during sleep in patients with ob‐
structive lung disease. Am.Rev.Respir.Dis., 141, 1055-1070.
[27] Douglas, N. J., White, D. P., Pickett, C. K., Weil, J. V., & Zwillich, C. W. (1982). Respi‐
ration during sleep in normal man. Thorax, 37, 840-844.
[28] Duran, J., Esnaola, S., Rubio, R., & Iztueta, A. (2001). Obstructive sleep apnea-hypo‐
pnea and related clinical features in a population-based sample of subjects aged 30 to
70 yr. Am.J.Respir.Crit Care Med., 163, 685-689.
Sleep and its Disorders Affect Society126
[29] Fleetham, J., West, P., Mezon, B., Conway, W., Roth, T., & Kryger, M. (1982). Sleep,
arousals, and oxygen desaturation in chronic obstructive pulmonary disease. The ef‐
fect of oxygen therapy. Am.Rev.Respir.Dis., 126, 429-433.
[30] Flemons, W. W., Littner, M. R., Rowley, J. A., Gay, P., Anderson, W. M., Hudgel, D.
W. et al. (2003). Home diagnosis of sleep apnea: a systematic review of the literature.
An evidence review cosponsored by the American Academy of Sleep Medicine, the
American College of Chest Physicians, and the American Thoracic Society. Chest, 124,
1543-1579.
[31] Flenley, D. C. (1985). Sleep in chronic obstructive lung disease. Clin.Chest Med., 6,
651-661.
[32] Fletcher, E. C., Schaaf, J. W., Miller, J., & Fletcher, J. G. (1987). Long-term cardiopul‐
monary sequelae in patients with sleep apnea and chronic lung disease. Am.Rev.Re‐
spir.Dis., 135, 525-533.
[33] Fletcher, E. C., Bao, G., & Li, R. (1999). Renin activity and blood pressure in response
to chronic episodic hypoxia. Hypertension, 34, 309-314.
[34] Fuhrman, C., Jougla, E., Nicolau, J., Eilstein, D., & Delmas, M. C. (2006). Deaths from
chronic obstructive pulmonary disease in France, 1979-2002: a multiple cause analy‐
sis. Thorax, 61, 930-934.
[35] Gan, W. Q., Man, S. F., Senthilselvan, A., & Sin, D. D. (2004). Association between
chronic obstructive pulmonary disease and systemic inflammation: a systematic re‐
view and a meta-analysis. Thorax, 59, 574-580.
[36] Gastaut, H., Tassinari, C. A., & Duron, B. (1965). [Polygraphic study of diurnal and
nocturnal (hypnic and respiratory) episodal manifestations of Pickwick syndrome].
Rev.Neurol.(Paris), 112, 568-579.
[37] Giles, T. L., Lasserson, T. J., Smith, B. J., White, J., Wright, J., & Cates, C. J. (2006).
Continuous positive airways pressure for obstructive sleep apnoea in adults. Co‐
chrane.Database.Syst.Rev., CD001106.
[38] Gilmartin, G. S., Tamisier, R., Curley, M., & Weiss, J. W. (2008). Ventilatory, hemody‐
namic, sympathetic nervous system, and vascular reactivity changes after recurrent
nocturnal sustained hypoxia in humans. Am.J.Physiol Heart Circ.Physiol, 295, H778-
H785.
[39] Global Strategy for the Diagnosis, Management and Prevention of COPD, Global Ini‐
tiative for Chronic Obstructive Lung Disease (GOLD) 2013. Available from http://
www.goldcopd.org
[40] Grebe, M., Eisele, H. J., Weissmann, N., Schaefer, C., Tillmanns, H., Seeger, W. et al.
(2006). Antioxidant vitamin C improves endothelial function in obstructive sleep ap‐
nea. Am.J.Respir.Crit Care Med., 173, 897-901.
COPD and Sleep Apnea Syndrome – Impact and Interaction of Coexisting Disease
http://dx.doi.org/10.5772/57594
127
[41] Guilleminault, C. (1985). Obstructive sleep apnea. The clinical syndrome and histori‐
cal perspective. Med.Clin.North Am., 69, 1187-1203.
[42] Hansson, G. K. (2005). Inflammation, atherosclerosis, and coronary artery disease.
N.Engl.J.Med., 352, 1685-1695.
[43] Hawrylkiewicz, I., Sliwinski, P., Gorecka, D., Plywaczewski, R., & Zielinski, J. (2004).
Pulmonary haemodynamics in patients with OSAS or an overlap syndrome. Monaldi
Arch.Chest Dis., 61, 148-152.
[44] Haynes, P. L. (2005). The role of behavioral sleep medicine in the assessment and
treatment of sleep disordered breathing. Clin.Psychol.Rev., 25, 673-705.
[45] Hiestand, D. & Phillips, B. (2008). The overlap syndrome: chronic obstructive pulmo‐
nary disease and obstructive sleep apnea. Crit Care Clin., 24, 551-63, vii.
[46] Huiart, L., Ernst, P., & Suissa, S. (2005). Cardiovascular morbidity and mortality in
COPD. Chest, 128, 2640-2646.
[47] Instituto Nacional de Estadística. Defunciones según la Causa de Muerte 2011. Avail‐
able from :http://www.ine.es.
[48] Ioachimescu, O. C. & Teodorescu, M. (2013). Integrating the overlap of obstructive
lung disease and obstructive sleep apnoea: OLDOSA syndrome. Respirology., 18,
421-431.
[49] Izquierdo, J. L., Martinez, A., Guzman, E., de, L. P., & Rodriguez, J. M. (2010). Lack of
association of ischemic heart disease with COPD when taking into account classical
cardiovascular risk factors. Int.J.Chron.Obstruct.Pulmon.Dis., 5, 387-394.
[50] Izquierdo-Alonso, J. L., Rodriguez-Gonzalez Moro, J. M., de Lucas-Ramos, P., Un‐
zueta, I., Ribera, X., Anton, E. et al. (2013). Prevalence and characteristics of three
clinical phenotypes of chronic obstructive pulmonary disease (COPD). Respir.Med.,
107, 724-731.
[51] Karadag, F., Kirdar, S., Karul, A. B., & Ceylan, E. (2008). The value of C-reactive pro‐
tein as a marker of systemic inflammation in stable chronic obstructive pulmonary
disease. Eur.J.Intern.Med., 19, 104-108.
[52] Kheirandish-Gozal, L., Bhattacharjee, R., Kim, J., Clair, H. B., & Gozal, D. (2010). En‐
dothelial progenitor cells and vascular dysfunction in children with obstructive sleep
apnea. Am.J.Respir.Crit Care Med., 182, 92-97.
[53] Kiely, J. L., Murphy, M., & McNicholas, W. T. (1999). Subjective efficacy of nasal
CPAP therapy in obstructive sleep apnoea syndrome: a prospective controlled study.
Eur.Respir.J., 13, 1086-1090.
[54] Kim, V., Han, M. K., Vance, G. B., Make, B. J., Newell, J. D., Hokanson, J. E. et al.
(2011). The chronic bronchitic phenotype of COPD: an analysis of the COPDGene
Study. Chest, 140, 626-633.
Sleep and its Disorders Affect Society128
[55] Kohler, M., Craig, S., Nicoll, D., Leeson, P., Davies, R. J., & Stradling, J. R. (2008). En‐
dothelial function and arterial stiffness in minimally symptomatic obstructive sleep
apnea. Am.J.Respir.Crit Care Med., 178, 984-988.
[56] Kokturk, O., Ciftci, T. U., Mollarecep, E., & Ciftci, B. (2005). Elevated C-reactive pro‐
tein levels and increased cardiovascular risk in patients with obstructive sleep apnea
syndrome. Int.Heart J., 46, 801-809.
[57] Kushida, C. A., Littner, M. R., Morgenthaler, T., Alessi, C. A., Bailey, D., Coleman, J.,
Jr. et al. (2005). Practice parameters for the indications for polysomnography and re‐
lated procedures: an update for 2005. Sleep, 28, 499-521.
[58] Kwon, J. S., Wolfe, L. F., Lu, B. S., & Kalhan, R. (2009). Hyperinflation is associated
with lower sleep efficiency in COPD with co-existent obstructive sleep apnea.
COPD., 6, 441-445.
[59] Lacedonia, D., Carpagnano, G. E., Aliani, M., Sabato, R., Foschino Barbaro, M. P.,
Spanevello, A. et al. (2013). Daytime PaO2 in OSAS, COPD and the combination of
the two (overlap syndrome). Respir.Med., 107, 310-316.
[60] Lattimore, J. D., Wilcox, I., Nakhla, S., Langenfeld, M., Jessup, W., & Celermajer, D. S.
(2005). Repetitive hypoxia increases lipid loading in human macrophages-a poten‐
tially atherogenic effect. Atherosclerosis, 179, 255-259.
[61] Lee, R. & McNicholas, W. T. (2011). Obstructive sleep apnea in chronic obstructive
pulmonary disease patients. Curr.Opin.Pulm.Med., 17, 79-83.
[62] Lopez-Acevedo, M. N., Torres-Palacios, A., Elena Ocasio-Tascon, M., Campos-Santia‐
go, Z., & Rodriguez-Cintron, W. (2009). Overlap syndrome: an indication for sleep
studies? : A pilot study. Sleep Breath.13, 409-413.
[63] Lugaresi, E., Coccagna, G., Mantovani, M., & Lebrun, R. (1972). Some periodic phe‐
nomena arising during drowsiness and sleep in man. Electroencephalogr.Clin.Neuro‐
physiol., 32, 701-705.
[64] Machado, M. C., Vollmer, W. M., Togeiro, S. M., Bilderback, A. L., Oliveira, M. V.,
Leitao, F. S. et al. (2009). CPAP treatment and survival of patients with moderate-to-
severe OSAS and hypoxemic COPD. Eur.Respir.J. 35: 132-137
[65] Macnee, W., Maclay, J., & McAllister, D. (2008). Cardiovascular injury and repair in
chronic obstructive pulmonary disease. Proc.Am.Thorac.Soc., 5, 824-833.
[66] Mansfield, D. & Naughton, M. T. (1999). Effects of continuous positive airway pres‐
sure on lung function in patients with chronic obstructive pulmonary disease and
sleep disordered breathing. Respirology., 4, 365-370.
[67] Marin, J. M., Soriano, J. B., Carrizo, S. J., Boldova, A., & Celli, B. R. (2010). Outcomes
in patients with chronic obstructive pulmonary disease and obstructive sleep apnea:
the overlap syndrome. Am.J.Respir.Crit Care Med., 182, 325-331.
COPD and Sleep Apnea Syndrome – Impact and Interaction of Coexisting Disease
http://dx.doi.org/10.5772/57594
129
[68] Marrone, O., Salvaggio, A., & Insalaco, G. (2006). Respiratory disorders during sleep
in chronic obstructive pulmonary disease. Int.J.Chron.Obstruct.Pulmon.Dis., 1,
363-372.
[69] McNicholas, W. T. (1997). Impact of sleep in respiratory failure. Eur.Respir.J., 10,
920-933.
[70] Mermigkis, C., Kopanakis, A., Foldvary-Schaefer, N., Golish, J., Polychronopoulos,
V., Schiza, S. et al. (2007). Health-related quality of life in patients with obstructive
sleep apnoea and chronic obstructive pulmonary disease (overlap syndrome).
Int.J.Clin.Pract., 61, 207-211.
[71] Mills, N. L., Miller, J. J., Anand, A., Robinson, S. D., Frazer, G. A., Anderson, D. et al.
(2008). Increased arterial stiffness in patients with chronic obstructive pulmonary dis‐
ease: a mechanism for increased cardiovascular risk. Thorax, 63, 306-311.
[72] Minet, C., Vivodtzev, I., Tamisier, R., Arbib, F., Wuyam, B., Timsit, J. F. et al. (2012).
Reduced six-minute walking distance, high fat-free-mass index and hypercapnia are
associated with endothelial dysfunction in COPD. Respir.Physiol Neurobiol., 183,
128-134.
[73] Miravitlles, M., Soler-Cataluna, J. J., Calle, M., Molina, J., Almagro, P., Quintano, J. A.
et al. (2013). A new approach to grading and treating COPD based on clinical pheno‐
types: summary of the Spanish COPD guidelines (GesEPOC). Prim.Care Respir.J., 22,
117-121.
[74] Moro, L., Pedone, C., Scarlata, S., Malafarina, V., Fimognari, F., & Antonelli-Inc
(2008). Endothelial dysfunction in chronic obstructive pulmonary disease. Angiology,
59, 357-364.
[75] Nakanishi, K., Takeda, Y., Tetsumoto, S., Iwasaki, T., Tsujino, K., Kuhara, H. et al.
(2011). Involvement of endothelial apoptosis underlying chronic obstructive pulmo‐
nary disease-like phenotype in adiponectin-null mice: implications for therapy.
Am.J.Respir.Crit Care Med., 183, 1164-1175.
[76] Nieto, F. J., Herrington, D. M., Redline, S., Benjamin, E. J., & Robbins, J. A. (2004).
Sleep apnea and markers of vascular endothelial function in a large community sam‐
ple of older adults. Am.J.Respir.Crit Care Med., 169, 354-360.
[77] Nunomiya, K., Shibata, Y., Abe, S., Inoue, S., Igarashi, A., Yamauchi, K. et al. (2013).
Hyperhomocysteinaemia predicts the decline in pulmonary function in healthy male
smokers. Eur.Respir.J., 42, 18-27.
[78] Nural, S., Gunay, E., Halici, B., Celik, S., & Unlu, M. (2013). Inflammatory Processes
and Effects of Continuous Positive Airway Pressure (CPAP) in Overlap Syndrome.
Inflammation, 36, 66-74.
[79] O'Brien, A. & Whitman, K. (2005). Lack of benefit of continuous positive airway pres‐
sure on lung function in patients with overlap syndrome. Lung, 183, 389-404.
Sleep and its Disorders Affect Society130
[80] Park, A. M., Nagase, H., Kumar, S. V., & Suzuki, Y. J. (2007). Effects of intermittent
hypoxia on the heart. Antioxid.Redox.Signal., 9, 723-729.
[81] Peker, Y., Hedner, J., Johansson, A., & Bende, M. (1997). Reduced hospitalization
with cardiovascular and pulmonary disease in obstructive sleep apnea patients on
nasal CPAP treatment. Sleep, 20, 645-653.
[82] Phillips, B. G., Narkiewicz, K., Pesek, C. A., Haynes, W. G., Dyken, M. E., & Somers,
V. K. (1999). Effects of obstructive sleep apnea on endothelin-1 and blood pressure.
J.Hypertens., 17, 61-66.
[83] Pichel, F., Zamarron, C., Magan, F., del, C. F., varez-Sala, R., & Suarez, J. R. (2004).
Health-related quality of life in patients with obstructive sleep apnea: effects of long-
term positive airway pressure treatment. Respir.Med., 98, 968-976.
[84] Pinto-Plata, V. M., Mullerova, H., Toso, J. F., Feudjo-Tepie, M., Soriano, J. B., Vessey,
R. S. et al. (2006). C-reactive protein in patients with COPD, control smokers and
non-smokers. Thorax, 61, 23-28.
[85] Pinto-Plata, V., Casanova, C., Mullerova, H., de Torres, J. P., Corado, H., Varo, N. et
al. (2012). Inflammatory and repair serum biomarker pattern: association to clinical
outcomes in COPD. Respir.Res., 13, 71.
[86] Prabhakar, N. R., Fields, R. D., Baker, T., & Fletcher, E. C. (2001). Intermittent hypo‐
xia: cell to system. Am.J.Physiol Lung Cell Mol.Physiol, 281, L524-L528.
[87] Pronzato, C. (2010). Chronic obstructive pulmonary disease and obstructive sleep ap‐
nea. Association, consequences and treatment. Monaldi Arch.Chest Dis., 73, 155-161.
[88] Punjabi, N. M. & Beamer, B. A. (2007). C-reactive protein is associated with sleep dis‐
ordered breathing independent of adiposity. Sleep, 30, 29-34.
[89] Rabe, K. F., Hurd, S., Anzueto, A., Barnes, P. J., Buist, S. A., Calverley, P. et al. (2007).
Global strategy for the diagnosis, management, and prevention of chronic obstruc‐
tive pulmonary disease: GOLD executive summary. Am.J.Respir.Crit Care Med., 176,
532-555.
[90] Radwan, L., Maszczyk, Z., Koziorowski, A., Koziej, M., Cieslicki, J., Sliwinski, P. et al.
(1995a). Control of breathing in obstructive sleep apnoea and in patients with the
overlap syndrome. Eur.Respir.J., 8, 542-545.
[91] Reinhart, W. H., Oswald, J., Walter, R., & Kuhn, M. (2002). Blood viscosity and plate‐
let function in patients with obstructive sleep apnea syndrome treated with nasal
continuous positive airway pressure. Clin.Hemorheol.Microcirc., 27, 201-207.
[92] Remmers, J. E., deGroot, W. J., Sauerland, E. K., & Anch, A. M. (1978). Pathogenesis
of upper airway occlusion during sleep. J.Appl.Physiol, 44, 931-938.
COPD and Sleep Apnea Syndrome – Impact and Interaction of Coexisting Disease
http://dx.doi.org/10.5772/57594
131
[93] Resta, O., Foschino Barbaro, M. P., Brindicci, C., Nocerino, M. C., Caratozzolo, G., &
Carbonara, M. (2002). Hypercapnia in overlap syndrome: possible determinant fac‐
tors. Sleep Breath., 6, 11-18.
[94] Ross, R. (1999). Atherosclerosis--an inflammatory disease. N.Engl.J.Med., 340, 115-126.
[95] Rutter, M. K., Meigs, J. B., Sullivan, L. M., D'Agostino, R. B., Sr., & Wilson, P. W.
(2004). C-reactive protein, the metabolic syndrome, and prediction of cardiovascular
events in the Framingham Offspring Study. Circulation, 110, 380-385.
[96] Saarelainen, S. & Hasan, J. (2000). Circulating endothelin-1 and obstructive sleep ap‐
noea. Eur.Respir.J., 16, 794-795.
[97] Sampol, G., Sagales, M. T., Roca, A., de, l. C., Bofill, J. M., & Morell, F. (1996). Nasal
continuous positive airway pressure with supplemental oxygen in coexistent sleep
apnoea-hypopnoea syndrome and severe chronic obstructive pulmonary disease.
Eur.Respir.J., 9, 111-116.
[98] Sandek, K., Andersson, T., Bratel, T., Hellstrom, G., & Lagerstrand, L. (1999). Sleep
quality, carbon dioxide responsiveness and hypoxaemic patterns in nocturnal hypo‐
xaemia due to chronic obstructive pulmonary disease (COPD) without daytime hy‐
poxaemia. Respir.Med., 93, 79-87.
[99] Sanders, M. H., Newman, A. B., Haggerty, C. L., Redline, S., Lebowitz, M., Samet, J.
et al. (2003). Sleep and sleep-disordered breathing in adults with predominantly mild
obstructive airway disease. Am.J.Respir.Crit Care Med., 167, 7-14.
[100] Sarubbi, B., Esposito, V., Ducceschi, V., Meoli, I., Grella, E., Santangelo, L. et al.
(1997). Effect of blood gas derangement on QTc dispersion in severe chronic obstruc‐
tive pulmonary disease: evidence of an electropathy? Int.J.Cardiol., 58, 287-292.
[101] Schunemann, H. J., Dorn, J., Grant, B. J., Winkelstein, W., Jr., & Trevisan, M. (2000).
Pulmonary function is a long-term predictor of mortality in the general population:
29-year follow-up of the Buffalo Health Study. Chest, 118, 656-664.
[102] Seemungal, T. A., Lun, J. C., Davis, G., Neblett, C., Chinyepi, N., Dookhan, C. et al.
(2007). Plasma homocysteine is elevated in COPD patients and is related to COPD se‐
verity. Int.J.Chron.Obstruct.Pulmon.Dis., 2, 313-321.
[103] Shamsuzzaman, A. S., Winnicki, M., Lanfranchi, P., Wolk, R., Kara, T., Accurso, V. et
al. (2002). Elevated C-reactive protein in patients with obstructive sleep apnea. Circu‐
lation, 105, 2462-2464.
[104] Shaya, F. T., Lin, P. J., Aljawadi, M. H., & Scharf, S. M. (2009). Elevated economic bur‐
den in obstructive lung disease patients with concomitant sleep apnea syndrome.
Sleep Breath, 13: 317-323.
Sleep and its Disorders Affect Society132
[105] Shiina, K., Tomiyama, H., Takata, Y., Yoshida, M., Kato, K., Nishihata, Y. et al. (2012).
Overlap syndrome: additive effects of COPD on the cardiovascular damages in pa‐
tients with OSA. Respir.Med., 106, 1335-1341.
[106] Sobradillo, V., Miravitlles, M., Jimenez, C. A., Gabriel, R., Viejo, J. L., Masa, J. F. et al.
(1999). [Epidemiological study of chronic obstructive pulmonary disease in Spain
(IBERPOC): prevalence of chronic respiratory symptoms and airflow limitation].
Arch.Bronconeumol., 35, 159-166.
[107] Somers, V. K., Dyken, M. E., Clary, M. P., & Abboud, F. M. (1995). Sympathetic neu‐
ral mechanisms in obstructive sleep apnea. J.Clin.Invest, 96, 1897-1904.
[108] Taheri, S., Austin, D., Lin, L., Nieto, F. J., Young, T., & Mignot, E. (2007). Correlates of
serum C-reactive protein (CRP)--no association with sleep duration or sleep disor‐
dered breathing. Sleep, 30, 991-996.
[109] Takabatake, N., Nakamura, H., Abe, S., Inoue, S., Hino, T., Saito, H. et al. (2000). The
relationship between chronic hypoxemia and activation of the tumor necrosis factor-
alpha system in patients with chronic obstructive pulmonary disease. Am.J.Re‐
spir.Crit Care Med., 161, 1179-1184.
[110] Tkacova, R., Dorkova, Z., Molcanyiova, A., Radikova, Z., Klimes, I., & Tkac, I. (2008).
Cardiovascular risk and insulin resistance in patients with obstructive sleep apnea.
Med.Sci.Monit., 14, CR438-CR444.
[111] Tuncel, U., Inancli, H. M., Kurkcuoglu, S. S., & Enoz, M. (2012). A comparison of uni‐
level and multilevel surgery in obstructive sleep apnea syndrome. Ear Nose Throat J.,
91, E13-E18.
[112] Von, K. R., Loredo, J. S., ncoli-Israel, S., & Dimsdale, J. E. (2006). Association between
sleep apnea severity and blood coagulability: Treatment effects of nasal continuous
positive airway pressure. Sleep Breath., 10, 139-146.
[113] Weitzenblum, E., Krieger, J., Apprill, M., Vallee, E., Ehrhart, M., Ratomaharo, J. et al.
(1988). Daytime pulmonary hypertension in patients with obstructive sleep apnea
syndrome. Am.Rev.Respir.Dis., 138, 345-349.
[114] Weitzenblum, E. & Chaouat, A. (2004). Sleep and chronic obstructive pulmonary dis‐
ease. Sleep Med.Rev., 8, 281-294.
[115] Weitzenblum, E., Chaouat, A., Kessler, R., & Canuet, M. (2008). Overlap syndrome:
obstructive sleep apnea in patients with chronic obstructive pulmonary disease.
Proc.Am.Thorac.Soc., 5, 237-241.
[116] White, D. P., Weil, J. V., & Zwillich, C. W. (1985). Metabolic rate and breathing dur‐
ing sleep. J.Appl.Physiol, 59, 384-391.
COPD and Sleep Apnea Syndrome – Impact and Interaction of Coexisting Disease
http://dx.doi.org/10.5772/57594
133
[117] Wysocka, E., Cofta, S., Cymerys, M., Gozdzik, J., Torlinski, L., & Batura-Gabryel, H.
(2008). The impact of the sleep apnea syndrome on oxidant-antioxidant balance in
the blood of overweight and obese patients. J.Physiol Pharmacol., 59 Suppl 6, 761-769.
[118] Yildiz, P., Tukek, T., Akkaya, V., Sozen, A. B., Yildiz, A., Korkut, F. et al. (2002). Ven‐
tricular arrhythmias in patients with COPD are associated with QT dispersion. Chest,
122, 2055-2061.
[119] Young, T., Palta, M., Dempsey, J., Skatrud, J., Weber, S., & Badr, S. (1993). The occur‐
rence of sleep-disordered breathing among middle-aged adults. N.Engl.J.Med., 328,
1230-1235.
[120] Zamarron, C., Garcia, P., V, Morete, E., & del Campo, M. F. (2008). Association of
chronic obstructive pulmonary disease and obstructive sleep apnea consequences.
Int.J.Chron.Obstruct.Pulmon.Dis., 3, 671-682.
[121] Zamarron, C., Gude, F., Otero, Y., Alvarez, J. M., Golpe, A., & Rodriguez, J. R. (1999).
Prevalence of sleep disordered breathing and sleep apnea in 50- to 70-year-old indi‐
viduals. A survey. Respiration, 66, 317-322.
[122] Zamarron, C., Gude, F., Otero, Y.,Alvarez Dobaño, J. M., Golpe, A., & Rodriguez, S.,
Jr. (1998). [Symptoms of sleep apnea syndrome in the general population].
Arch.Bronconeumol., 34, 245-249.
[123] Zamarron, C., Ricoy, J., Riveiro, A., & Gude, F. (2008). Plasminogen activator inhibi‐
tor-1 in obstructive sleep apnea patients with and without hypertension. Lung, 186,
151-156.
Sleep and its Disorders Affect Society134
